While establishing a quantification standard for parvovirus B19 diagnostics, we extracted viral DNA from a high-titered human plasma by using three commercial kits. Despite similar viral DNA yields being obtained, striking differences in electrophoretic mobilities of the extracted nucleic acids were observed.
Infections with parvovirus B19 (B19V) are known to be the cause of erythema infectiosum, hydrops fetalis, and a variety of acute and chronic illnesses (reviewed in reference 9). The pathogen consists of a naked capsid with enclosed singlestranded DNA of approximately 5,500 nucleotides. In productive infection, viral DNA molecules of positive and negative polarity are packaged into virions at the same frequency. Since the virus cannot be propagated in cell cultures efficiently, nucleic acid-based methods are essential for the diagnosis of B19V-associated diseases as well as for quality control testing, to maintain the safety of blood products.
For use as a quantification standard, pure virion DNA was isolated from an anti-B19V antibody-negative plasma unit of an apparently healthy blood donor in the early, high-titered viremic stage of B19V infection. Three commercial extraction systems, namely, NucliSens easyMAG (bioMerieux, Boxtel, Netherlands), QIAamp DNA minikit (Qiagen, Hilden, Germany), and m2000sp (Abbott, Wiesbaden, Germany), were used for B19V DNA extraction, and with all three, we obtained fairly similar quantities of DNA as estimated by optical density measurement and quantitative B19V-specific PCR.
In order to monitor the integrity and purity of the different nucleic acid preparations, they were analyzed by neutral agarose gel electrophoresis in Tris-acetate-EDTA buffer with ethidium bromide staining. Surprisingly, three different extraction kits led to three different band patterns of the isolated nucleic acids in gel electrophoresis (Fig. 1A) . With the bioMerieux extraction (lane Bm), a sharp band at the apparent size of 5.5 kbp (representing hybrids of plus-and minus-strand molecules) was detectable, and occasionally, a faint band in the region between 1.65 kbp and 2 kbp (representing singlestranded viral DNA molecules) appeared. The latter band comigrated with the product of the Abbott method (lane Am). However, with the Qiagen kit (lane Qm), in addition to a 5.5-kbp band, a strong diffuse band with intermediate mobility in the region of approximately 2.5 kbp was visible. Herein, this band is referred to as Qx. The Qx band could not be observed when using three classical DNA purification protocols (2, 4, 8) based on proteinase K-SDS lysis, phenol-chloroform extraction, and ethanol precipitation (lanes PC [2] , PD [4] , and PW [8] ). The electrophoretic mobilities of viral DNAs extracted in classical ways were identical to those of the materials isolated by the bioMerieux method. After heating at 100°C, one single band comigrating with the Abbott band (1.65 to 2 kbp) appeared in all DNA preparations, whereas the 5.5-kbp band and the Qx band were no longer visible in agarose gel electrophoresis, demonstrating a transition into the linear single-stranded molecules (data not shown). An intermediate band similar to Qx was also found in high-titered sera from four different B19V-infected individuals upon Qiagen extraction (data not shown).
In order to ascertain that all visible bands in the gel contained B19V nucleic acid sequences, the agarose gel shown in Fig. 1A was blotted onto a nitrocellulose membrane and hybridized with a digoxigenin (DIG)-labeled probe (DIG DNA labeling and detection kit; Roche Diagnostics, Penzberg, Germany), generated from the plasmid vector pGEM-1 containing ϳ5 kb of B19V DNA. Figure 1B shows that all bands, including Qx, contained B19V-specific nucleic acid. Dot hybridization of the DNA preparations with a digoxigenin-labeled human DNA probe ruled out the presence of a high proportion of host sequences (Fig. 1C) . Hybridization conditions were according to published protocols (5, 6) .
To rule out the possibility that the Qiagen protocol corrupts the structure or integrity of extracted nucleic acid, the B19V DNA that had initially been phenol extracted was subsequently subjected to the Qiagen extraction. This combination had no influence on the mobility of the products (Fig. 1D) . On the other hand, when DNA that had been prepared by the Qiagen kit was subsequently subjected to one of the classical extraction methods (8), the Qx band was no longer visible (Fig. 1D) . Since it had been found previously that intact B19V particles were able to migrate in agarose gel electrophoresis and could be visualized with ethidium bromide (3), the question of whether the Qx material might be remnants of virus capsids that escaped the lysis procedure of the Qiagen DNA extraction protocol arose. Since encapsidated viral genomes would be protected against exogenous nucleases, the products of all extraction protocols were treated with DNase I. Parallel samples were identically incubated in the same buffer without the addition of DNase I. After DNase I treatment, all previously visible bands, including the Qx band, vanished (Fig. 1E) , demonstrating that incomplete lysis of viral particles could not be The blotted nucleic acids were hybridized with a B19V-specific probe. The 1,650-bp marker band is generated from the vector plasmid pUC and could therefore be detected in the hybridization reaction by the vector portion of the recombinant B19V clone. (C) Approximately 1 g of B19V DNA isolated with all extraction protocols (PW, PD, PC, Am, Qm, and Bm) was dotted on a nitrocellulose membrane. As controls, 50 ng, 25 ng, and 12.5 ng of DNA from a human cell line were dotted to the membrane. All dotted nucleic acids were hybridized with a human cell DNA probe, labeled with digoxigenin-dUTP. (D) Changes in electrophoretic mobility of extracted B19V DNA when reextracted using another protocol. PD3Qm, classical phenol-chloroform extract reextracted using the Qiagen kit; Qm3PW, Qiagen protocol-extracted DNA reextracted using a classical phenol-chloroform protocol. (E) DNase I digestion of B19V-specific nucleic acids isolated using six different extraction protocols (PW, PD, PC, Am, Qm, and Bm). DNase I-digested samples are labeled with ϩ, and samples without digestion are labeled with Ϫ. (F) RNase digestion of the B19V-specific nucleic acids extracted by using the Qiagen kit. Lanes 1 and 2, B19V nucleic acid digested with 2.0 and 0.2 units/ml RNase H, respectively; lanes 3 and 4, B19V nucleic acid digested with 10 and 1 g/ml RNase A, respectively. Neg Ctrl, B19V nucleic acid in RNase A reaction buffer without enzyme.
responsible for the formation of the Qx band. B19V DNAassociated protein molecules are very unlikely to be the cause of changed electrophoretic mobility, as the Qiagen protocol includes a protease digestion step.
In a previous study with a murine parvovirus, replicative intermediates consisting of virus-specific DNA-RNA hybrids had been observed (7) . These hybrids had electrophoretic mobilities similar to that of the B19V Qx band of the present study. Therefore, the nucleic acid extracted with the Qiagen kit was incubated with RNase H or RNase A. Prior to this experiment, the functionality and specificity of both enzymes had been confirmed by testing. RNase digestion did not affect the band pattern or band strength of the B19V-specific nucleic acids (Fig. 1F) . This finding provides strong evidence that the visible bands represent genomic B19V DNA without associated RNA.
Our experiments show that the Qx band (i) consists of B19 DNA, (ii) is not caused by contaminating cellular DNA, (iii) does not contain unlysed virions, and (iv) is not explained by replicative intermediates. The most plausible explanation is that Qx represents a DNA conformation closely related to the native conformation within B19V virions. In contrast to the other methods, the Qiagen protocol most probably retains secondary structures of single-stranded DNA. Such molecules would display an electrophoretic mobility differing from that of the mobility of linear single-stranded DNA lacking secondary structures.
Structural differences of the DNAs are irrelevant for quantitative PCR protocols as tested by the LightCycler parvovirus B19 quantification kit (Roche, Mannheim, Germany), Artus Parvo B19 LightCycler PCR kit (Qiagen, Hilden, Germany), and an in-house protocol according to Baylis et al. (1) by using WHO quantification standards (data not shown). However, for certain purposes in practical clinical microbiology, especially for cloning of DNA into plasmids for preparing standards for PCR assays, the use of double-stranded DNA targets is required. Therefore, analyzing the electrophoretic properties of extracted nucleic acids is advisable, especially when dealing with single-stranded DNA viruses.
